Endophytic bacteria (EnB) play a crucial role in plant development. This study was an attempt to isolate and identify dominant cultivable EnB inhabiting young seedlings germinated in vitro and leaves of six maize cultivars grown under field conditions at temperate climate zone with culture-dependent approach. We isolated bacteria from field cropped maize only. Strains were identified based on 16S rRNA gene sequencing. In particular, members of Actinobacteria, Bacteroidetes, Firmicutes and α-and γ-Proteobacteria were found. Species of two genus Pseudomonas and Bacillus were dominant among them. Higher diversity of EnB was found in plants collected from Kobierzyce, where we identified 35 species from 16 genera with 22 species uniquely found at this field. On the contrary, from maize leaves collected at Smolice we identified 24 species representing 10 genera with 10 species uniquely isolated from this field. However, none of species was common for all cultivars at both locations. Among isolated EnB six species only, Pseudomonas clemancea, Pseudomonas fluorescens, Bacillus megaterium, Bacillus simplex, Arthrobacter nicotinovorans and Arthrobacter nitroguajacolicus, were found in aboveground parts of the same cultivar grown on both tested fields. The fact that the same cultivars, sown from the same lots of seeds, under field conditions on two different locations were colonized with noticeably different associations of cultivable EnB suggest that cultivar genotype is an important factor selecting endophytic bacteria from local agro-environment. To our knowledge this is first report about the significant variation of diversity of cultivable endophytic bacteria inhabiting aboveground parts of the same maize cultivars grown at different locations.
Introduction
Maize was domesticated in south-western Mexico from wild grasses (teosintes) about 9,000 years ago (Matsuoka et al., 2002) and now is one of the most important crops, cultivated across the world. In Central Europe it started to be cultivated about 200 years ago. However as a grain crop it got the wider attention of breeders and farmers in the temperate climate zone, including Poland, about 30 years ago. The relations between maize and nonpathogenic microbes, especially inhabiting maize tissues, in Central Europe's temperate climate zone are practically not described in the literature. The interrelationships between plant development and microorganisms are related to local ecological factors such as soil, climate as well as agronomic practice. The nonpathogenic relationships between plants and microbes vary from neutral to commensal or symbiotic. Harmless microbes residing in plant tissues are defined as endophytic bacteria (EnB), which form commensal or mutualistic relationships with theirs host (Hallman et al., 1997; Zinniel et al., 2002) . Endophytes are assumed to originate from seeds, rhizosphere and/ or the aerial portions of plants from which they are isolated (Segher et al., 2004) . The diversity of EnB was found to be dependent on several biotic and abiotic factors like soil type, agriculture practice, as well as plant physiology (Hallmann et al., 1997; Hardoim et al., 2008) . Moreover, diverse communities of endophytic bacteria are related to plant organs from which isolation is done (Bodenhausen et al., 2013; Pal and Paul, 2013) .
The study of bacterial communities associated with plants is indispensable in agricultural systems because the application of beneficial bacteria can dramatically increase production and improve plant health (Xu et al., 2013) as well as reduce agricultural production costs through more efficient use of agrochemicals.
Several papers described the endophytes of maize tissues (McInroy and Kloepper, 1995; Chelius and Triplett, 2001; Zinniel et al., 2002 ) but these have not 2 164 focused on maize grown in the European temperate climate zone, where abiotic factors are drastically different from the ones in regions of long lasting history of maize cultivation. The origin of endophytic bacteria in aboveground tissues of maize is still discussable. JohnstonMonje and Raizada (2011) pointed out that endophytic bacteria of maize cultivars and breeding lines originated from Central America and cultivated in North America are transmitted with the seeds from one generation to another. However, Rijavec et al. (2007) isolated sporadically bacteria from germinated seeds of maize harvested in Slovenia. Rijavec et al. (2007) among isolated species from maize seedlings identified Pantoea anantis as the predominating bacteria. This species recently was described as pathogenic for maize in America and in Central Europe (Pérez-y-Terrón et al., 2009; Krawczyk et al., 2010) . Furthermore, a study in southern China revealed significant modification and simplification of diversity of EnB in seeds during maturation, especially in the case of hybrid cultivars (Liu et al., 2012; . Also, Liu et al. (2012; did not identify stable core associations of bacterial species inhabiting seeds of parent lines as well as seeds of hybrid cultivars originated from these breeding lines. Still little is known about diversity of endophytic bacteria associated with different hybrid maize cultivars in the temperate climate zone cropped under field conditions. Better knowledge could help us to search new potential Plant Growth Promoting Bacteria (PGPB) for agricultural applications since cultivable bacteria are potentially good candidates for commercialization (Xu et al., 2013) .
In this paper we focus on a comparative study of biodiversity of cultivable dominant EnB of different hybrid cultivars of maize. For this purpose we isolated bacteria from plant tissues of six maize cultivars sown from the same lots of seeds in two locations on different soils as well as grown in vitro. The aims of the study were to evaluate the hypotheses that core associations of EnB cultivable species in aboveground parts of maize are similar or are connected with specific cultivars independently of environmental factors.
Experimental

Material and Methods
Plant material and cultivation condition. Plant material was collected from two experimental fields of Małopolska Plant Growing Company -HBP LLC at Kobierzyce (50°58'N, 16°55'E Kobierzyce, Poland) and at Smolice (51°42'N, 17°10'E Smolice, Poland). Six cultivars of maize (Zea mays L. spp. mays) (single hybrids; KB1902, KB1903 and triple hybrids; KB2704, Kosmo230, Cyrkon, Król) listed in Table I (Hoagland and Arnon, 1950) . Test tubes plants were incubated in a growth chamber at 14 hours daylight, temperature of 22°C, 16°C night temperature until the third leaf appears. We analyzed 2-3 seeds from each cultivar collected from both locations separately.
Endophytes isolation and cultivation. Aboveground parts of maize were collected from both testing locations and immediately after cutting were put into sterile bags and kept at +4°C during transfer to the laboratory. Isolations were done about 2-3 hours later. Plants leaves were surface-sterilized with 70% C 2 H 5 OH and subsequently washed 3-times with sterile distilled water. Field samples of leaves for endophyte isolation were cut out of bigger sterilized leaves fragments into ~6 cm 2 pieces from the center part of the leaf with a sterile blade. The whole plants grown in vitro, at the stage of third true leaf were separated into three parts (roots, stems, leaves), and after mentioned above surface-disinfection used for analysis as well.
Each sample after surface-sterilization was macerated in aseptic 0.1 M MgSO 4 and ten-fold diluted suspensions were transferred onto solid 1/3 TSA (Difco, USA) medium for field and in vitro samples. Additionally, macerated plant samples of in vitro plants were transferred onto Rojo Congo (RC) medium (Rodríguez Cáceres, 1982) for enumeration of cultivable nitrogenfixing bacteria. Plates were incubated at 28°C by 7 days. After incubation from each sample 10-12 dominating, morphologically differentiated bacterial colonies were randomly picked and used for further tests. Three consecutive transfers onto 1/3 TSA medium were done to obtain single colony cultures. Pure strains were maintained as frozen stocks at -70°C in a storage medium (Bactotryptone 10 g; yeast extract 5 g; NaCl 0.5 g; K 2 HPO 4 6.3 g; KH 2 PO 4 1.8 g; sodium citrate 0.45 g; MgSO 4 × 7H 2 O 0.09 g; (NH 4 ) 2 SO 4 0.9 g; 1000 ml dH 2 O; pH 7.0). Surface sterilization parameters like selection of disinfectant; its strength and time were optimized prior experimentation with pot cultivated maize plants (data not shown).
DNA isolation and 16S rRNA gene sequencing. Selected single isolates were cultivated on solid King B or PDA medium. Genomic DNA was extracted using the Genomic Mini AX Bacteria kit (AA Biotechnology, Poland) according to the instructions of the manufacturer. Amplified fragments of the 16S rRNA gene were generated by PCR with the primers FAM27f (5'-GAGTTTGATCMTGGCTCAG-3') and 1492r (5'-GGYTACCTTGTTACGACTT-3') and 5x Hot FIREPol Blend Master Mix (Solis Biodyne, Estonia). The PCR products were purified with the PureLinkTM Genomic DNA Mini Kit (Invitrogen, USA) or ExoSAP-IT (GE Healthcare Life Sciences, USA) in accordance with the manufacturer's protocol. Sequencing of the amplified 16S rRNA gene fragments was carried out with primers FAM27f and 1492r, which annealed to either end of the gene, as well as with primers 704f (5'-TGTGTAGCGGTGAAATGCGTAGA-3') and 765r (5'-CTGTTTGCTCCCCACGCTTTC-3'), which annealed to the central portions of the gene. Sequencing was performed on ABI 3730X1 DNA Analyzer (Applied Biosystems, Foster, USA). The obtained sequences were aligned using the ClustalW method of the DNAStar software package (DNAStar Lasergene Inc., USA). A BLASTN search of the NCBI database and search of the RDP database were performed to compare the 16S rRNA gene sequences of isolates with those available online.
Statistical analysis. Data were analyzed statistically using Statistica V.9.0PL (StaSoft Inc., USA) software. Duncan's multiple range test was used to assess the differences among the means (three replicates for each) at 95% level of significance (P = 0.05).
Results
Isolation of endophytic bacteria. We did not isolate bacteria able to grown on 1/3 TSA or RC medium from any of twenty-eight 15-20-d old seedlings of examined maize cultivars germinated from surface sterilized seeds and cultivated in vitro.
The enumeration of CFU of cultivable endophytic bacteria inhabited leaves of tested six maize cultivars revealed significant differences among them as well as between both cultivation plots (Table II) (Table II) . The highest log10 CFU numbers were found in leaves of Kosmo 230 cv. in comparison with other maize cultivars (Table II) , where the log10 CFU numbers were not statistically different.
Isolates identification. The dominant, morpho logically differentiated bacterial colonies, in total, 125 isolates, representing six maize cultivars planted in two sampling sites were identified based on partial 16S RNA gene sequence. Overall, the isolates represented five taxonomic divisions: Actinobacteria, Bacteroidetes, Firmicutes as well as α-and γ-Proteobacteria. The most common phyla were γ-Proteobacteria and Actinobacteria, 40% and 26.4% of all isolates, respectively. Phyla γ-Proteobacteria was detected in all tested plants, in contrary to α-Proteobacteria detected only in five (out of six) cultivars grown in Kobierzyce location, only. Phyla Actinobacteria was detected in ten out of twelve plants, except Kosmo 230 cv. and Król cv. from Kobierzyce and Smolice sampling sites respectively (Fig. 1) . Altogether, identified bacteria represented 46 species from 18 genera. Higher diversity of EnB was found in plants collected from Kobierzyce, where we identified 35 species from 16 genera and among them 22 species were uniquely found at this field, only. In the contrary, from maize leaves collected at Smolice we identified 24 species representing 10 genera and among them 10 species were uniquely isolated from this field (Table III) . The most frequently encountered genera were Pseudomonas (33.6%), Bacillus (17.6%), Arthrobacter (11.2%) and Microbacterium (9.6%). Strains belonging to Pseudomonas genus were isolated from all tested plants except KB2704 cv. grown in Kobierzyce. Strains of Pseudomonas fluorescens were most frequently isolated in leaves tissues of five cultivars expect Cyrkon cropped at Smolice. Aforementioned, species was found in leaves of two cultivars, Król and Kosmo230, cultivated at Kobierzyce, only. Among Bacillus, a second dominated genus, strains of Bacillus megaterium were most frequently isolated. This species was found in leaves of five cultivars cropped at Smolice, expect of cultivar KB1902, but was isolated only from tested tissues of Cyrkon grown at Kobierzyce. Among Arthrobacter genus, Arthrobacter. nicotinovorans was the most frequently isolated species. They were found in leaves of KB2704 and Król collected at Kobierzyce, KB1903 and Cyrkon collected at Smolice as well as in tissues of KB1902 collected from both locations. Strains of Microbacterium testaceum, which were most frequently isolated among Microbacterium genus, were found in leaves of two cultivars cropped at Kobie rzyce (Król, Cyrkon) and three cultivars cropped at Smolice (KB1902, KB2704 and Kosmo230). However, none of species was common for all cultivars at both locations (Table III) . Among isolated EnB six species only, Pseudomonas clemancea, P. fl uorescens, B. megaterium, Bacillus simplex, Ar. nicotinovorans and Arthrobacter nitroguajacolicus, were found in aboveground parts of the same cultivar grown on both tested fields (Table III) .
Th ere were diff erences in number of unique species based on cultivar source. Cultivar KB1902 was inhabited by three unique species (Brachybacterium conglomeratum, Rhodococcus qingshengii, Rothia amarae) in Kobierzyce but we did not found any unique one in cultivar cropped in Smolice. Likewise cultivar KB1903 was inhabited by four unique species (Bacillus methylotrophicus, Pseudomonas thievervalensis, Pseudomonas viridifl ava, Staphylococcus saprophyticus) in Kobierzyce but we did not found any unique one in cultivar cropped in Smolice. On the contrary, other four cultivars were inhabited by unique species in both locations (Table III) . For example, Król cultivar was inhabited by two unique species in Kobierzyce (Methylobacterium aminovorans, Methylobacterium extorquens) and by two unique species in Smolice (Acinteobacter schindlerii, Pseudomonas extremaustralis).
Discussion
Genotypic diversity of endophytes. Th is study was an attempt to isolate and characterize endophytes of six maize cultivars inhabiting young seedlings germinated from surface-sterilized maize seeds in vitro as well as from leaves of these cultivars cropped at two locations with culture-dependent approach. Our approach did not result in the isolation of cultivable endophytes from seedlings germinated from second generation of seeds of tested cultivars on organic medium (1/3 TSA) as well as on RC medium used for isolation of nitrogen-fixing bacteria. Th is may suggest that seeds did not harbour cultivable endophytic bacteria colonizing seedlings. However, Johnston-Monje and Raizada (2011) isolated cultivable bacteria and identified several non-cultivable bacteria in seeds of wild ancestors (teosinte) and domesticated varieties of maize. Th ey pointed out that bacteria are transmitted with the seeds from one generation to another. Among investigated seeds Johnston-Monje and Raizada (2011) tested seeds of two commercial cultivars, dent inbred B73 and hybrid Pioneer 3751, which in our opinion are similar to seeds of commercial cultivars tested in our studies. Th ey were able to isolate on three diverse media cultivable bacteria from the genus Bacillus and Enterobacter from the second generation of seeds of hybrid Pioneer 3751 but not from the seeds of inbred B73. Also Rijavec et al. (2007) did not isolate cultivable Number of species uniquely isolated from maize grown on field Kobierzyce 22
Number of species uniquely isolated from maize grown on field in Smolice 11 bacteria from most of tested germinated kernels of different maize cultivars collected in Slovenia (16 strains from 195 tested germinated seeds). They were able to isolate bacteria from 11% to 20% of tested germinated seeds of different cultivars and the lowest number of germinated seeds inhabited by EnB was found in the case of non-named Pioneer inbreed. Among isolated bacteria, 5 out of 15 isolates Rijavec et al. (2007) identified as Pantoea anantis, which recently was described as a pathogenic for maize species in America and in Central Europe (Pérez-y-Terrón et al., 2009; Krawczyk et al., 2010) . A similar study on the diversity of endophytic bacteria in seeds with non-culture method reported by Liu et al. (2012) also revealed a generally lower number of species in seeds of hybrid than in seeds of parental lines. Lack of cultivable endophytic bacteria in young seedlings of tested maize cultivars grown in vitro could reflect the effect of inbreeding similar like in the case of seeds of inbreed B73 (Johnston-Monje and Raizada, 2011) . Noticeable smaller biodiversity of cultivable and non-cultivable EnB and even lack of cultivable EnB in self-pollinated seeds of second generation of wild ancestors as well as Mexican maize landraces collected on field near Guelph (Canada) was described also by Johnston-Monje and Raizada (2011). The influence of different environmental condition, especially temperature during maturation of seeds is another factor that should be taken into consideration, explaining the lack of cultivable endophytic bacteria in young seedlings maize hybrid cultivars tested in our studies. Harvest of maize seeds for our studies in October 2009 was done after night frost, which probably did not support the survival of endophytic bacteria in our seeds. Liu et al. (2013) also reported significant decrease of biodiversity of EnB communities in seeds of two cultivars from proembryo-forming stage to dough stage. Mentioned above research and our results support hypotheses that environmental conditions like fertilization, soil properties, weather conditions during maturation as well as maturation stage of seeds are important factors limiting the survival and bio diversity of EnB communities in seeds of maize regard inbreed effect.
The results of the study of dominant endophytic bacteria isolated from leaves tissues of six maize cultivars grown under field condition show different composition of cultivable bacteria and noticeable cultivar and location dependent diversity between these associations. However, among EnB isolated from leaves, bacteria from the phylum γ-Proteobacteria with the genus Pseudomonas were the most often encountered. Several authors also reported that among endophytic bacteria Pseudomonas were frequently isolated and were found to be present in tissues of sugar beet (Jacobs et al., 1985) , carrot (Surette et al., 2003) , soybean (KuklinskySorbal et al., 2004) , ginseng (Cho et al., 2007) , maize (McInroy and Kloepper, 1995; Rai et al., 2007; Rijavec et al., 2007) as well as in maize kernels (JohnstonMonje and Raizada, 2011; Liu et al., 2012) . Frequently encountered genera were also Bacillus, Arthrobacter and Microbacterium. Aforementioned genera have been previously described as maize endophytes (McInroy and Kloepper, 1995; Rai et al., 2007; Rijavec et al., 2007; Liu et al., 2013) . Studies of Johnston-Monje and Raizada (2011) showed that TRFLP method predicted Clostridium and Paenibacillus species as conserved across all studied Zea genotypes. In contrary, studies by Liu et al. (2012) This study shows more diverse EnB communities in leaves than described in steams of commercial cultivars maize by Johnston-Monje and Raizada (2011). Similar more various communities of bacterial endophytes in leaves than in stem and root segments were described in the case of medicinal herb Hygrophila spinosa (Pal and Paul, 2013) . Among 46 identified species from 18 genera, 16 have been previously reported as maize endophytes, except for the genera Brachybacterium and Pedobacter. The genera Brachybacterium and Pedobacter have recently been described as endophytes in the leaves of young radish (Seo et al., 2010) and in Diapensa lapponica plants (Nissinen et al., 2012) .
This study indicates the colonisation of different maize cultivars by noticeable various associations of EnB and important effect of local agro-environmental conditions. Higher diversity of EnB was found in plants collected from Kobierzyce, where we identified 35 species from 16 genera, than in plants from Smolice, where among 10 genera we identified 24 species. The most common phyla were γ-Proteobacteria and Actinobacteria, 40% and 26.4% of all isolates respectively, however there were 20.8% of isolates represented phylum Firmicutes, 8% represented phylum γ-Proteobacteria and 4.8% represented phylum Bacteroidetes as well. At the genus level, Pseudomonas (33.6%), Bacillus (17.6%), Arthrobacter (11.2%) and Microbacterium (9.6%) were dominant among them.
Among (Table III) .
To the best of our knowledge, this study is the first to focus on the isolation and identification of endophytic bacteria of maize grown at temperate climate zone, sown from the same lots of seeds in two locations on different soils as well as grown in vitro using culturedependent method. Our research provides partial information about significant differentiations of associations of dominant cultivable EnB inhabiting different hybrid maize varieties.
Moreover, our studies based on species identification did not support the hypotheses that core associations of cultivable endophytic bacteria inhabiting maize tissues in temperate climate zone are cultivar dependent and are transmitted with the seeds from one generation to another. Nevertheless, each cultivar is inhabited by similar genera, but by different species. The fact that the same cultivars, sown from the same lots of seeds, under field conditions on two different locations were colonised with noticeably different associations of cultivable EnB suggest that cultivar specific metabolites are an important factor selecting endophytic bacteria from local agro-environment.
